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ABSTRACT 

It may b e  p o s s i b l e  to use  a v e h i c l e  d e s i g n e d  f o r  

unmanned Mars s u r f a c e  sample r e t u r n  t o  l a n d  a man on Mars and 

r e t u r n  h i m  to a n  o r b i t i n g  s p a c e c r a f t .  T h i s  p o t e n t i a l  e x i s t s ,  

de sp i t e  much heavier payload  and lower  g l i m i t  r e q u i r e m e n t s ,  

because o f  l ower  v e l o c i t i e s  a s s o c i a t e d  w i t h  c a p t u r e  o r b i t s  a t  

Mars as compared t o  unmanned s u r f a c e  sample r e t u r n  on a t w i l i g h t  

Mars f l y b y .  
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MEMORANDUM FOR FILE 

It may be  p o s s i b l e  t o  u s e  a v e h i c l e  d e s i g n e d  f o r  unmanned 
Mars s u r f a c e  sample r e t u r n  t o  l a n d  a man on Mars and  r e t u r n  him t o  
a n  o r b i t i n g  s p a c e c r a f t .  T h i s  p o t e n t i a l  e x i s t s ,  d e s p i t e  much 
h e a v i e r  pay load  and lower  g l i m i t  r e q u i r e m e n t s ,  because  o f  lower  
v e l o c i t i e s  a s s o c i a t e d  w i t h  c a p t u r e  o r b i t s  a t  Mars as compared 
t o  unmanned s u r f a c e  sample r e t u r n  on  a t w i l i g h t  Mars f l y b y .  

t h e  f o l l o w i n g  t a b l e :  
T h i s  i s  i n d i c a t e d  i n  t h e  t a b u l a t i o n  o f  v e l o c i t i e s  i n  

Mars T w i l i g h t  
F ~ Y ~ Y  - i 9 7 5  

1977 
1979 

Manned Mars 
C a p t u r e  - 1978 Venus Swingby 

1982 
1984 D i r e c t  
1985 Venus Swingby 
1986  D i r e c t  

11 11 

MARS ENTRY 
VELOCITY 

32,500 f p s  
34 ,500  
39,000 

20 ,000  - 
25,000 f p s  
( d i r e c t  e n t r y  
from hyper -  
b o l i c  appro -  
a c h )  

ASCENT 
AV 

36,000 f p s  

42,500 
38,000 

18,000 fps  
( r endezvous  
i n  one-day 
p e r i o d  pa rk -  
i n g  o r b i t )  

P a v l o a d s  

A t y p i c a l  pay load-ascen t  v e l o c i t y  t r a d e o f f  i s  shown i n  
F i g u r e  1, assuming a two-s tage  a s c e n t  v e h i c l e  w i t h  I = 375 s e c .  
and  A = .88 f o r  b o t h  s t a g e s .  Gross weigh t  a t  s e p a r a t i o n  from t h e  
manned s p a c e c r a f t  i s  1 5 , 0 0 0  l b s .  F i g u r e  1 shows t h a t  t h i s  v e h i c l e  
c a n  r e t u r n  a u s e f u l  l o a d  of 80 l b s .  t o  h y p e r b o l i c  r endezvous  i n  
a 1975 t w i l i g h t  f l y b y  m i s s i o n ,  o r  more t h a n  900 l b s .  t o  a n  
e l l i p t i c a l  rendezvous  o r b i t  o f  a p p r o x i m a t e l y  one day  p e r i o d .  
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These useful loads should be adequate for a MSSR mission 
and a one-man lander mission respectively. Bellcomm studies 
indicate that it should be possible to develop a one-man capsule 
with life support for the short time required which weighs perhaps 
as little as.600 lbs. Logistics support and experiment payload 
for longer surface stay time would be landed in a separate 
vehicle (approximately 5,500 lbs. landed payload with the same 
entry capsule). To have a second man on the surface would require 
landing another vehicle. 

Alternately, rather than trying to use a small vehicle 
sized for an MSSR mission as a manned MEM (requiring surface 
rendezvous with a logistics vehicle and possibly another manned 
lander), the opposite approach could be taken. A MEM with a 
completely self-contained manned capsule which supports, e.g., 
two men for thirty days and which carries the science/engineering 
payload would probably gross 40,000 lbs. or more. This could be 
used as an unmanned surface sample return vehicle on earlier 
manned flyby missions; both the landed science payload which is 
left on the surface and the returned sample could then be much 
larger than with a small MSSR vehicle. 

Entrv Considerations 

The MSSR as currently conceived follows a ballistic path 
2 (L/D = 0 )  with a ballistic parameter (M/CDA) = .8  slugs/ft . 

entry velocity, on the order of 32,000 ft. per second, results from 
the characteristics of the manned Mars 1975 twilight flyby mission 
under study by NASA. 

The 

The maximum deceleration during entry depends on the 

For the same corridor capability, 
At velocities 

This is significant, since, as a first 

entry corridor, as can be seen from the solid curves in Figure 2; 
and, in the case of the MSSR, nominal design is approximately 40 
times earth gravity (40g,). 
however, lower velocities result in lower gats. 
associated with orbital entry, then, the MSSR can achieve entry 
and not exceed 10gats. 
cut, manned entry can be considered if decelerations can be kept 
within log,. 

be restricted to out-of-orbit applications when trimmed to a zero 
angle-of-attack (L/D = 0). Direct entry could be achieved, 
however, with the MSSR trimmed to an angle-of-attack as illus- 
trated by the dashed lines on Figure 2. 

The use of the MSSR as a manned entry system, then would 
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With t h e  MSSR trimmed t o  a n  L/D = .45 ,  d i r e c t  e n t r y  can  
be c o n s i d e r e d  up t o  a v e l o c i t y  o f  2 2 , 0 0 0  f p s  for t h e  same e n t r y  
c o r r i d o r  c r i t e r i a  used for t h e  n o n - l i f t i n g  MSSR. S i n c e  t h e  modus 
o p e r a n d i  o f  a n  unmanned b a l l i s t i c  e n t r y  and a manned l i f t i n g  
e n t r y  would be d i f f e r e n t ,  t h e  c o r r i d o r  f o r  t h e  manned v e h i c l e  
c o u l d  b e  pushed c l o s e r  t o  t h e  o v e r s h o o t  t o  where a v e l o c i t y  o f  
25 ,000  f p s  i s  f e a s i b l e .  F o r  t h e  b a l l i s t i c  c a s e ,  e n t r y  n e a r  t h e  
o v e r s h o o t  r e s u l t s  i n  l a r g e  r a n g e  d i s p e r s i o n s ,  and i t  i s  t h e r e f o r e  
d e s i r a b l e  t o  back o f f  somewhat. The manned l i f t i n g  v e h i c l e ,  on 
t h e  o t h e r h a n d ,  has s u b s t a n t i a l  r a n g i n g  c a p a b i l i t y  p r o v i d e d  i t s  
p o s i t i o n  i n  t h e  c o r r i d o r  i s  r e a s o n a b l y  w e l l  known a t  e n t r y .  

Conc lus ions  

It may be p o s s i b l e  t o  u s e  e s s e n t i a l l y  t h e  same v e h i c l e  
for b o t h  unmanned s u r f a c e  sample r e t u r n  from Mars t o  a manned 
f l y b y  s p a c e c r a f t  and f o r  a manned l a n d i n g  e x c u r s i o n  module 
dep loyed  from a manned s p a c e c r a f t  i n  o r b i t  a round  Mars. T h i s  
c o u l d  be  done e i t h e r  by; ( a >  u s i n g  a v e h i c l e  d e s i g n e d  f o r  t h e  
" c o n v e n t i o n a l "  MEM m i s s i o n ;  t h i s  would d o u b l e  i n  e a r l i e r  m i s s i o n s  
as a v e r y  large payload  MSSR v e h i c l e ,  or ( b )  t h e  MEM m i s s i o n  
would b e  c a r r i e d  o u t  by one o r  more small MSSR's ( p e r  t h e  JAG 
s t u d i e s ) ,  each l a n d i n g  and r e t u r n i n g  one man. I n  t h e  l a t t e r  
c a s e ,  l o g i s t i c s  s u p p o r t  would be  p r o v i d e d  by a n o t h e r  l a n d i n g  
v e h i c l e ,  s o  t h a t  s u r f a c e  rendezvous  would be r e q u i r e d  f o r  a 
f u l l - d u r a t i o n  s u r f a c e  s t a y .  

I n  c a s e  ( b ) ,  t h e  MSSR must be  s i z e d  f o r  t h e  Mars 
t w i l i g h t  f l y b y  v e l o c i t y  r e q u i r e m e n t s ;  commonality would n o t  be  
p o s s i b l e  i f  i t  were s i z e d  only for t h e  m u l t i - p l a n e t  f l y b y  m i s s i o n s  
which have much lower pas sage  v e l o c i t i e s  a t  Mars. 
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